Abstract-Structural health monitoring (SHM) is crucial for protecting structures against the wind, aging, and potential collapse. Modern wireless-based SHM has two main constraints: cost and power consumption. Micro electro-mechanical system (MEMS) accelerometers meet these conditions. A wireless sensor node is also important since it deals with vibration data acquisition and wireless transmission. This paper presents an experimental modal analysis of a cantilevered steel beam using a low-cost wireless sensor node for SHM in order to demonstrate the feasibility of its use. We use a commercial, off-theshelf wireless sensor node, Waspmote, as a data acquisition and transmission board. Waspmote has a built-in MEMS accelerometer, LIS331DLH, and a daughter board for IEEE 802.15. 4 
In our case, we use PCB 603C01 ICP type accelerometer which has a weight of 51gram. In other case, we use also LIS331DLH MEMS type accelerometer embedded into a Waspmote sensor node which has a weight of 20gram. In addition to the Waspmote, Lithium ion battery of 6600mA with 155gram is attached to the Waspmote, so total weight of wireless accelerometer becomes 175 gram.
III. EXPERIMENTAL MODAL ANALYSIS OF A CANTILEVER BEAM
MEMS accelerometers and wireless sensor nodes provide advantages of low-cost and low power consumption. These two modules are combined to deal with vibration data acquisition and wireless data transmission to the remote host computer. To replace the costly, conventional wired IEPE (Integrated Electronics Piezo Electric) or ICP (Integrated Circuit Piezoelectric) accelerometer-based vibration monitoring system, we need to justify the performance of the wireless vibration measurement system. Functional subsystems of WSN are sensing interface, computational core, and actuation interface as shown in the previous research [3] . By keeping in mind the low-resources, we have selected a commercial off-the-shelf product, Libelium Waspmote [4] To study the accuracy of the dynamic acceleration measurement obtained with a wireless accelerometer such as LIS331DLH on the Waspmote, we used a conventional wired IEPE accelerometer to measure the transient response of a cantilever beam simultaneously. The experimental modal analysis of a simple cantilever beam was performed to demonstrate the use of wireless sensor nodes. A cantilevered steel beam was used for the experiment with approximate dimensions of 900 x 60 x 3 mm. An IEPE or ICP type impact hammer, model 086C03 of PCB Piezotronics, was used as the excitation source at any point input and response data was acquired at the point of the beam. A cable with the hammer is connected to the NI-9234 as data acquisition hardware. A wired accelerometer, 603C01 of PCB Piezotronics, was used for the reference. A MEMS accelerometer, LIS331DLH built on the Waspmote, is located at the end of the cantilever beam and the excitation was imparted on the point as shown in Figure 1 . 
Figure 1. Test setup and the data acquisition points
In this test, we use a fixed accelerometer and a roving hammer as excitation and give a multiple-input, single-output (MISO) analysis. We have chosen 10 excitation points as an input force to obtain 3 mode shapes. A frequency response function is acquired by computation of the cross power spectrum of the input and output vibration data using commercial Smart Office Analyzer software. The measurement for experimental modal analysis is to acquire frequency response function data from a test structure. As the cantilever beam setup was excited with the hammer manually the response of the structure was measured in the form of acceleration. Both the excitation and response signal were sent to the data acquisition hardware with a signal processing software. The Waspmote communicates with the host PC using a gateway device via the IEEE 802.15.4 protocol. Sampling rate of the wired ICP accelerometer was 256 Hz, and the vibration signal was collected for 4 seconds, so a total of 1,024 samples were recorded for post-processing. In case of wireless accelerometer, the sampling rate of the LIS331DLH was 400 Hz, but the vibration data was recorded at a rate of 256 Hz for 4 seconds.
IV. PERFORMANCE EVALUATION OF WIRELESS ACCELEROMETERS
Ten excitation points are chosen and three mode shapes are obtained from the commercial Smart Office Analyzer software. These mode shapes are represented in Fig. 2 . An FRF [6] is acquired by computation of the cross power spectrum of the input and output vibration data. The modal frequencies were estimated as the frequencies where we received maximum gain in the FRF plots [7] . While Fig. 3 depicts the FRF in case of wired ICP accelerometer, Fig. 4 represents the FRF of the wireless accelerometer. Both cases produced the same natural frequencies as in Fig. 3 and Fig. 4 . The performance of low-cost wireless accelerometer is justified in terms of modal parameter identification. The accuracy of wireless vibration measurements in terms of natural frequencies is enough to replace the traditional wired accelerometer.
V.CONCLUSION
We justified the performance of low-resource wireless vibration measurement system by applying an experimental modal analysis. The dynamic properties of the structures such as natural frequencies, damping ratios, and mode shapes are obtained and compared to those of the conventional wired ICP vibration measurement system. The cantilevered steel beam is excited with the impact hammer. In this test, we used the fixed wireless accelerometer and the roving hammer as excitation and give a multiple-input, single-output (MISO) analysis. We have chosen 10 excitation points as an input force to obtain 3 mode shapes.
The frequency response function is acquired by computation of the cross power spectrum of the input and output vibration data using commercial Smart Office Analyzer software. The results have shown that the low-cost, off-the-shelf wireless sensor nodes with MEMS accelerometer works very efficiently, enabling us to conclude that they should play an important part in forming wireless sensor networks for low-cost structural health monitoring 
VI. ACKNOWLEDGMENTS

